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(57) ABSTRACT

Non-invasive Ocular Drug Delivery Insert Technology. The
invention concerns an ocular isert which 1s a new biocom-
patible polymer-based controlled drug delivery system
(CDDS) applicable to a variety of drugs and other com-
pounds for the treatment of different ocular pathologies. This
ocular insert allows releasing of at least one drug under
suitable concentration levels during suitable periods of time.
The device may be inserted 1n the lower or upper fornix
conjunctiva, 1n a non-invasive way, meaning that the patient
will be able to place the device himsell, without intervention
of medical specialized stail. The insert of the invention will
release the drug 1n such a controlled rate that will allow the
drug release up to 300 days by either a “Fickian” or a linear
profile according to the intend purpose or pathology. The
isert can be prepared with different shapes (spherical or
spherical dome) and/or architectures (monolithic/layered
either with or without a drug core) allowing the incorpora-
tion of at least one drug which can be released at different
rates. The size, shape and design of the insert 1s adjusted 1n
order to tune the drug(s) delivery profile(s) and to 1nhibit the
risk of displacement or expulsion.
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NON-INVASIVE OCULAR DRUG DELIVERY
INSERT TECHNOLOGY

FIELD OF THE INVENTION

The present mnvention 1s related to a biocompatible ocular
isert with polymeric composition, designed for “in vivo”
sustained drug release to be applied 1n the treatment of
different ocular pathologies.

BACKGROUND OF THE INVENTION

In the area of ophthalmology, the conventional method of
drops topical application involves repeated administrations
of the drugs solutions and the drugs concentration profiles
are characterized by extreme fluctuations with an excessive
concentration stage, followed by a brief period of correct
dose and ending 1n a long underdosing period. Moreover, 1t
1s necessary to take into consideration the drainage of the
lacrimal film and the small corneal permeability which
require the use of high doses of drug 1n order to secure the
intraocular therapeutic level. Since only 1 to 3% of the drug
penetrates the cornea [ 1, 2] and the remainder 1s absorbed by
systemic routes, high concentrations can bring toxic side
cllects at a systemic level. To overcome these obstacles,
many polymers have been implemented both 1n ophthalmic
preparations and in solid drug delivery systems.

Preparation of systems that release drug 1n a predictable
and reproducible at a specific location and for a long period
of time has much merit, since drug delivery 1s dependent on
many factors, including the concentration and physico-
chemical properties of the drug, the time of contact with the
biological system, the mechanical, physical, chemical, and
biochemical features of the drug carrier. Ideally a drug
delivery system provides the drug only when and where 1t 1s
needed and within the appropriate concentration for the
desired therapeutic effect. Therefore, 1t 1s desirable to control
the release of the pharmacological agent to maintain the
drug concentration above the minimal effective concentra-
tion (MEC) and below the mimimal toxic concentration
(MTC). This concentration interval 1s known as the thera-
peutic range.

Ocular Controlled Drug Delivery Systems (CDDS) allow
therapeutic agents to be available 1n the eye for extended
periods of time at the desired concentrations. Furthermore,
the following advantages when compared to conventional
eye drop treatment should also be considered:

Lower systemic toxicity, since lower amounts of drug are
used when comparing to the eye drops treatment and
also the fact that this form of treatment 1s targeted to the
eye where 1t stays for longer time;

Improved patient compliance, namely for treatment of
chronic diseases, such as glaucoma, as drug adminis-
tration frequency 1s significantly reduced;

Improved safety, as accurate dosing 1s achieved;

Better product stability as drugs are in dried state;

No need for preservatives that could generate inflamma-
tory reactions.

Solid CDDS can be easily grouped as implants, 1f a
medical procedure such as a surgery or an injection (invasive
application) 1s needed to assure the correct placement of the
CDDS, or as mnserts, when the dosage form of application 1s
non-invasive and made by the patient himself.

Implants: these CDDS requires a surgery or at least a
medical procedure perform by trained personnel, with
the associated risks and costs. Furthermore, patients
must necessarily have access not only to the device but
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also to healthcare personnel and premises. This type of
CDDS can release the drugs for long periods of time—
some studies revealed drug release profiles of almost
two years—and some might need to be removed after
releasing all the loaded drug.

Inserts: CDDS {for ocular used under the form of insert
exist since the 1975, when Ocusert® was marketed 1n
the USA. Since then different shapes, designs, poly-
mers and drug immobilization techniques have been
used. These devices are placed by the patient 1n the
front section of the eye—in the fornix conjunctiva,
behind the lower or upper eyelid, over the sclera or over
the corneal surface. However, most of them never
reached the market and for those few with an FDA
marketing authorization some disadvantages were
found—the higher costs when compared to eye drops;
accidental expulsion; patient discomifort and difliculty
of handling—making them a second-choice of treat-
ment for both patients and physicians. An explored
approach, similar to the drug loading of an intraocular
lens (IOL), was applied to normal contact lenses.
Several studies report that, in addition to the vision
correction function, the hydrophilic contact lenses
could be pre-soaked 1n a variety of drug solutions 1n
order to slightly improve the residence time of the
drugs—this improvement was however, no higher than
two hours.

Ocular Implants

The development of intraocular implants was triggered by
the opportunity of delivering the drugs directly to the
intended site of action without suffering elimination by the
lacrimal fluid drainage system. Furthermore the physical and
chemical barrier presented by the cornea to intraocular
availability of drugs 1s overcome.

These CDDS present several advantages when compared
to topical eye drop admimistration. With a controlled deliv-
ery rate on the local of action less drug 1s needed to complete
the treatment, which means less side-eflects or systemic
toxicity as well as decreased costs associated with of treat-
ment.

Depending on the site of action these CDDS can be
implanted below the retina, 1n the vitreous chamber, sclera,
capsule, posterior chamber, conjunctiva or lacrimal puncta.
For each purpose, different shapes have been developed—
rods, plugs, filaments, discs, pellets, etc. The first implants
with prolonged and controlled drug release were made of
non-biodegradable polymers (like poly(vinyl alcohol), poly
(ethylene-co-vinyl acetate) or polysulione). When these
implants were used, a second medical intervention to
remove the empty shell was therefore required. With the
emergence of new devices composed of long-term soluble
polymers like poly(lactic acid)—PLA; poly(glycolic acid)—
PGA; polycaprolactone—PCL; polyanhydrides and poly
(ortho esters), a second surgery was no longer needed.
However, degradation of ocular implants 1s normally uncon-
trollable, namely 1n the last stages of the process, conducting
to unpredictable drug release and eventually a final burst 1s
observed. Some techniques and strategies have been
described to refine the degradation kinetics and include:
different polymer ratios; different molecular weight of the
same polymer and tuned crosslinking.

The choice of polymers must thus be based on the drug
characteristics and the foreseen duration of 1ts release.

For acute disease treatment (or prevention, as in postop-
erative periods) the drug release can be faster than the
degradation of the dosage form, as only one implantation 1s
necessary. In these cases, diflusion 1s the main factor aflect-
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ing the drug release. For the treatment of chronic patholo-
gies, device degradation should follow the drug release to
allow further implantation, which implies that polymer
solubility 1s the critical step for drug release.

Ozurdex®

Ozurdex® 1s a tiny rod shape biodegradable implant (0.4 35
mm 1n diameter and 6.5 mm 1n length) containing 0.7 mg of
dexamethasone. It was approved by FDA 1n 2009 for treat-
ment 1 adults of macular edema and retinal vein occlusion
and 1n 2010 for uveitis. It was the first biodegradable implant
to be injected in the vitreous cavity through a specially
designed injector with a 22-gauge needle based on Nova-
dur™, a drug delivery technology. This CDDS 1s made of
poly(lactic-co-glycolic acid) (PLGA).

Intraocular pressure increase, cataracts and vitreous
detachment have been reported as side-eflects after implan-
tation of this device.

A similar strategy, designed to release brimonidine to
prevent apoptosis of photoreceptors 1s now under climical
tests.

Surodex®

Surodex® 1s a cylindrical pellet (0.5 mm 1n diameter and
1.0 mm 1 length) containing 60 ug of micro dispersed
dexamethasone 1into a PLGA copolymer matrix. Surodex is
implanted in the anterior chamber to prevent postoperative
inflammation in cataract surgery or corneal graft rejection.
Intracameral and intrascleral application may also be con-
sidered for treatment of uveitis. Also marketed as Oculex®,
this biodegradable device allows sustained dexamethasone
release over 7 days. However, a study demonstrated that
despite achieving higher intraocular drug levels than con-
ventional 0.1% dexamethasone eye drops, no significant
benelits were observed with the use of this technology. Other
studies revealed a good control of intraocular pressure for at
least 20 months, whereas the total release of corticosteroid
from the implant was achieved within 2 weeks after implan-
tation. This device degrades in approximately 2 years with-
out causing any cell damage.

Durasert®

Durasert® 1s a delivery technology system patented by
Bausch & Lomb for development of intraocular CDDS.
Basically, a drug core 1s coated by layers of different
polymers and a suture tab made from poly(vinyl acetate)
(PVA) 1s used to anchor the implant to the “pars plana”
through a suture hole. The Vitrasert® was the first implant
based on Durasert® design approved by FDA. It 1s a
non-erodible polymer-based sustained release delivery sys-
tem containing 4.5 mg of ganciclovir compressed into a 2.5
mm diameter by 1 mm thick tablet. The tablet 1s entirely
coated with PVA and with a discontinuous film of ethylene
vinyl acetate (EVA). The drug diffuses through the semi-
permeable PVA layer but when 1t reaches the EVA layer the
release 1s then controlled by the discontinuity of this imper-
meable layer.

This CDDS 1s used for the local treatment of cytomega-
lovirus (CMYV) retinitis, namely 1n patients with acquired
immunodeficiency syndrome, releasing the antiviral agent
for at least 3 months at a sustained rate. Clinical studies
demonstrated that CMYV retinitis progression 1s halted for 6
up to 8 months (average).

Additionally to the commonly observed complication
associated to intraocular implants, (that may include injury
to the eye; infection; movement or e¢jection of the implant;
and wound complications following the surgery) there 1s an
increased risk of extraocular CMV 1nfection.

Using the same Durasert® structure, Bausch & Lomb
created Retisert® for delivery of a synthetic corticosteroid,
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fluocinolone acetonide to the posterior segment of the eye.
This system was approved by FDA {for the treatment of
non-infectious posterior uveitis. In this implant, 0.59 mg of
the drug 1s compressed 1n a 1.5 mm diameter tablet which 1s
then encased 1n a silicone elastomer cup containing a release
orifice. A PVA layer near the orifice works as a diffusional
barrier for the drug being solubilized by the water entering,
the cup. By varying the size of the release pore and the
permeability of the PVA layer, CDDS with different release
rates can be obtained.

Starting with a release rate of 0.6 ug/day, 1t decreases to
0.3-0.4 ug/day during the first month, and keeps this rate
during approximately 30 months.

Both Vitrasert® and Retisert® must be removed after
depletion of the drugs from the devices.

Punctal Plug

Punctal plugs were initially developed to occlude the
lacrimal puncta in order to increase the residence time of
drugs administered by eye drops They were nitially made of
collagen (temporary), PCL (extended duration) or silicone
(permanent). However, studies conducted with antiglau-
coma agents did not revealed any significant clinical benefits
from blocking the drainage of the lacrimal film with this
device. Later on, two companies developed punctual plugs
containing different prostaglandins (anti-glaucoma drugs)
with various doses and release rates. However, besides the
prolonged residence time, no significant intraocular pressure
reduction was observed. Despite the clinical failure of these
initial tests, these devices have the advantage of being easily
implanted and explanted, which reduces costs and avoids
complications in the posterior segment of the eye associated
to itraocular implants. The major drawback for the use of
ocular 1mplants 1s the need for a surgical implantation,
involving costs and associated risks that make this treatment
strategy diflicult to accept by both patient and physician. The
most commonly observed complications for posterior seg-
ment of the eye implantation are intlammation, vitreous
hemorrhage, cataract, retinal detachment, endophthalmatis,
cystoid macular edema and the formation of tenacious
epiretinal membranes [3].

Punctal plug, subconjunctival or episcleral implants have
reduce these adverse eflects and the implantation can be
made with local anaesthesia, improving patient compliance.

Ocular Inserts

Ocular iserts are defined as preparations with a solid or
semisolid consistency, whose size and shape are especially
designed for ophthalmic application. These inserts are
placed 1n the lower fornix conjunctiva and, less frequently,
in the upper formix conjunctiva or on the cornea. They are
usually composed of a polymeric vehicle containing the
drug and are mainly used for topical therapy.

Since the physicochemical properties and functional
groups vary from drug to drug, and the desired concentration
of each, 1t 1s not possible to obtain a universally applicable
polymer, suitable for all drug-based ophthalmologic thera-
pies. Therefore, the knowledge of the properties of polymers
and the creation of methods to change these properties 1s
essential for the development of ocular iserts.

Based on the nature of the polymer used, these systems
can be classified as soluble or insoluble. The obvious
advantage of soluble systems 1s that 1t 1s not necessary to be
removed aifter the functional period. Furthermore, the deg-
radation of the soluble systems makes 1t more comiortable
for the patient than insoluble ones, unless degradation prod-
ucts cause mtlammatory reactions. However, the speed of
degradation, whether hydrolytic or enzymatic, varies
depending on the rate of production and removal of the tear




US 11,642,311 B2

S

fluid or on the concentration of enzymes, which are different
for every patient. Consequently, the soluble systems are
more susceptible to variations 1n the kinetics of drug release
than the insoluble ones. In msoluble systems, release kinet-
ics depends mainly on the interactions between the polymer
and the drug rather than in physiological conditions of the
eye, thus kinetics can easily be changed by mampulatmg
those interactions. Another advantage of msoluble 1nserts 1s
the fact that expulsion 1s always the reason for the disap-
pearing of the CDDS. On the other hand, degradation
variability of soluble CDDS that is observed from patient to
patient, does not allow concluding whether expulsion or
rapid degradation as being the cause for the disappearance of
the dosage form. Finally, the placement of any of these
CDDS (soluble or insoluble) 1n the eye does not require
surgery, so their removal 1s easy 1n either case.

Soluble systems are usually monolithic constructs with
drug dispersed or dissolved throughout the entire matrix.
Two main mechanisms are responsible for the CDDS dis-
integration solubilisation (after polymer swelling) and ero-
s10on (corresponding to a hydrolytic process). In contrast, the
insoluble systems can be made of several polymeric layers,
consequently showing a wide range of release profiles.

In conclusion, during synthesis of an ocular 1nsert pros
and cons of disintegration must be weighed, bearing 1n mind
possible 1nteractions with the immobilized drug.

Insoluble CDDS

Contact Lenses

Various soit contact lenses (hydrophilic) have been used
as ocular inserts in addition to 1ts function of correcting
vision. Immobilization 1s achieved by placing the lens 1n a
solution containing the drug—pre-soaked lenses. Glaucoma
drugs and antibiotics have been the most widely used 1n this
approach. When the lenses are placed 1n the eye, the release
occurs at a slower rate compared to the corresponding
aqueous solution. However, the entire amount of the drug 1s
released 1n less than 30 minutes [4]. In addition to a short
period of release, the need to soak the lens in the solution
containing the drug, results 1n loss of sterility of the lens and
the absorption of contaminants present in the solution. The
use of contact lenses soaked in solutions of drugs 1s thus
limited to certain cases where the advantage of choosing the
drug and 1ts concentration i1n the lens overlap the short
release period. Alternatively, the drug may be immobilized
in the lens by adding the drug to the solution of monomers.
The polymerization 1s then done in the presence of the drug.
This method can only be applied 11 the drug does not aflect
the polymerization reaction and the final properties of the
lens, especially their optical properties. Under these condi-
tions the release rate 1s slower, reaching up to 180 hours [5,
6, 7]. Alvarez-Lorenzo et al. [8] tested with success the
molecular 1mprinting technology to increase the load of
norfloxacin and the release time 1n soft acrylate contact
lenses. These authors used acrylic acid as a functional
monomer (template molecule) to form functional imprinted
cavities and performed the polymerization 1n the presence of
the drug, thus, making the monomers to arrange themselves
around the drug molecules according to their interaction
capability. The polymerization maintains the matrix struc-
ture and after the removal of the template molecules, rec-
ognition cavities complementary in shape and functionality
(1.e. speciiic receptors) to the drug are obtained.

Supercritical solvent impregnation (SSI) technology was
successiully used to load contact lenses with two anti-
glaucoma drugs [9]. Using ethanol or water as impregnation
cosolvents, the oxygen permeability and the thermo-me-
chanical properties of the contact lenses were kept. SSI
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technique 1s an excellent loading strategy when the polym-
erization reaction 1s known to cause the degradation of drugs
(e.g. due to high temperatures or acidic conditions).

Some authors immobilized silicone particles, loaded with
different drugs, during the polymerization reaction of soft
contact lenses composed of hydroxyethyl methacrylate, to
reduce the abrupt mmtial release (generally called the burst
ellect) and to prolong the drug residence time 1n the eye [10,
11].

The main drawback of this drug release strategy 1s its
reduced applicability since 1t 1s only suitable for patients
who need wvision correction. Also, the continuation of the
treatment requires the removal and eventually the substitu-
tion of the contact lens after complete release of the drug.

Ocusert®

The Ocusert® 1s a pilocarpine delivery system made for
chronic treatment of glaucoma. It consists of three layers—
two external composed of ethyl acetate and an internal with
pilocarpine immobilized 1n alginate [12].

Around the mnner layer there 1s a ring with ethyl acetate
impregnated with titammum dioxide to allow visualizing the
systems during its placement. The release rate 1s controlled
by polymer composition, the thickness of the outer layers,
by the solubility of pilocarpine and the presence of additives.
The kinetics of release of pilocarpine 1s due 1n part to the
solubility of the drug—that presents amphoteric character-
1stics, being soluble 1n both the hydrophobic outer layers and
in the aqueous tear fluid. The water 1s kept out of the
delivery system by the hydrophobic membranes.

The Ocusert® has two formulations on the market—P1lo-
20 and Pi1lo-40, with release rates of 20 and 40 pg/hour
respectively, for the period of one week. The higher rate of
Pilo-40 1s achieved by decreasing the thickness of the outer
membranes that control the release and adding a plasticizer,
diethylhexyl phthalate, to those membranes. Studies by
several researchers [13, 14, 135] demonstrated that this
system has a good climical eflicacy and does not cause
disturbances 1n vision. However, its use for the delivery of
other drugs requires significant modifications 1n the poly-
mers, with a consequent reduction of the control of diffusion
membranes Other problems include the high cost, difliculty
in handling, accidental expulsion and foreign body sensa-
tion.

Ocufit®

The Oculit® 1s a tetracycline-loaded rod shaped device
made of silicone elastomer, designed to fit the shape and size
of the human fornix conjunctiva—1.9 mm in diameter and
25-30 mm 1n length. Katz and Blackman [16] reported that
cylindrical shape inserts were better tolerated and expulsion
significantly less frequent than that of oval, flat inserts.
When placed in the upper fornix conjunctiva, devices were
retained for 2 weeks or more 1n 70% of the cases, releasing
45% of the drug with an 1nitial burst 1n the first day followed
by a constant rate over the remaining period of time.
Moreover, active disease (e.g. bacterial, allergic and adeno-
viral conjunctivitis, trachoma, episcleritis, anterior uveitis,
corneal ulcers or scars) did not overtly affect the ability of
the patients to retain the inserts.

Mydriasert®

Mydriasert® is a retro palpebral insoluble-matrix system
containing phenylephrine and tropicamide and a potential
alternative to eye drops to induce mydriasis prior to cataract
surgery. It’s a white to yellowish-white, oblong shaped (4.3
mmx2.3 mm) tablet and its composition i1s based on a
combination of ammonio methacrylate copolymer, poly-
acrylate and ethyl cellulose. It should be placed 2 hours
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before the surgery. When kept for more than 2 hours, local
adverse reactions were observed—stinging, blurred vision
and visual discomfiort.

Minidisc

This CDDS 1s not yet in the market but the way that shape,
s1ize and design were always taken 1n consideration in its
conception, makes Minidisc a very interesting system.
Throughout its development, shape and size were consid-
ered essential criteria for obtaining a good, comiortable
ocular msert, with the highest acceptance from the patient.
After many tests, the optimal design was achieved based on
the shape of the contact lens but with smaller dimensions.
This shape allows to easily placing the insert behind the lid
without affecting vision, oxygen permeability and comfort
of the patient. The mimdisc can be placed anywhere 1n the
l1d and because of 1ts circular shape there 1s no need to align
it according to an axis as with Lacrisert® (cylinder) and
SODI (oval disc). The anterior and posterior curvatures were
optimized after clinical trials using minidiscs without drug,
to improve comiort and reduce the movement of the system
within the eyelid. In addition to the anatomical features, the
development of Minidisc® was based on ocular physiology
and pharmacokinetics of different drugs, yielding systems
composed of different polymers with tailored properties for
the different drugs: crosslinked methacrylate polymers were
synthesized to delivery hydrophobic drugs while Bawa et al.
[17] used flexible dimethylsiloxane minidiscs for entrap-
ment of hydrophilic drugs. Despite the insoluble nature of
the 1nitial minidiscs, the same design has already been tested
with the biodegradable polymer hydroxypropyl cellulose
and results showed that the placement in the eye was
substantially easier than with the Lacriset®, despite being
also prepared from the same biodegradable polymer.

Notwithstanding the advantages of 1ts geometry, the poly-
mer/drug interaction (solubility, non-covalent linking, etc.)
and the resulting release kinetics will always dictate the
success of any new Minidisc®.

Soluble DDS

Lacrisert®

It 1s a drug delivery system used 1n the treatment of dry
eye syndrome. It has the shape of a small cylinder (3.5 mm
long) and 1s composed of hydroxypropyl cellulose. Although
initial studies [18, 19] indicate advantages of Lacrisert®
over artificial tears, later studies [20] show that 1t use can
cause vision blur, eye rritation and even bond the eyelids
together. The verified irritation may partly be due to the
placement procedure, which 1s quite complicated and difli-
cult especially 1f performed by the patient. For these reasons,
this system 1s only used 1n situations where the treatment
with artificial tears 1s not suflicient.

SODI

The SODI (Soluble Ocular Drug Insert) 1s a small oval
ocular insert whose composition consists essentially of
poly(acrylamide) contamning the drug. The rate of drug
release can be altered form 12 up to 24 hours using ethyl
acrylate and vinyl pyrrolidone as comonomers. This system
has been applied to release pilocarpine and several antibi-
otics, having demonstrated clear advantages over the con-
ventional administration system by ophthalmic drops.

Collagen Corneal Shields

Initially developed by Fyodorov (a scientist from the
former USSR) [21] are marketed by an American company
as Biocor-12, Biocor-24 and Biocor-72, depending on the
collagen dissolution time (in hours) and not the time release
of the drug. These ocular inserts, composed of pig sclera
collagen, are 14.5 mm 1n diameter and 0.1 mm thick. The
different rates of dissolution are achieved by crosslinking the
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collagen with ultra-violet light. As the pre-soaked contact
lenses, these shields are placed 1n a solution containing the
drug to absorb and retain 1t. Consequently, the drug is
rapidly released (within hours), with a much higher rate than
the one of collagen’s dissolution. Later on, some research
groups 1mcorporated gentamicin during the preparation of a
collagen shield [22, 23, 24] but unlike what was verified
with the contact lenses, the practical eflects of this incor-
poration were mimmal.

It has been reported that collagen shields can cause
discomifort and reduced visual acuity. Collagen degradation
can also induce immune response and inflammation [25].
Given the variation degradation from patient to patient,
collagen shields have a greater variation in the release
kinetics than the contact lenses. In addition to its function as
a drug delivery system, 1t was shown that the collagen
shields promote healing of the cornea and lubricate the
cyeball [26].

Worldwide, pharmaceutical companies (new-born ones
and market leaders), research groups and ophthalmologist
are cooperating to improve ocular drug release—either by
synthesizing news polymers, inventing new designs or dis-
covering more eflicient sites to isert the ocular CDDS.

In recent years many researchers have focused on the
development of new ocular inserts, some patenting their
work [27, 28] other developing comparative studies with
different polymers [29, 30]. U.S. Pat. No. 4,438,123 [27]
describes the preparation of ophthalmic compositions con-
taining carbonic anhydrase inhibitors for topical application
in the treatment of elevated intraocular pressure, while
European Patent 1972344A1 [28] refers to an eye drop
formulation for the prevention and treatment of several
ocular conditions. Despite the fact that, in both cases the
inventors claim the possibility of drug administration by
using an ophthalmic insert, no experimental results that
support the hypothesis of using an 1nsert to achieve suitable
drug delivery profiles are provided in either case, unlike the
herein embodied 1nvention. Also, the simultaneous release
of more than one drug under similar or distinct profiles 1s not
addressed 1n either of these patents.

The research in the area of the development of new
ophthalmic 1nserts 1s still under the focus of several authors,
and recently other publications have reported the preparation
of devices designed to be applied 1n the treatment of some
ophthalmic diseases. Gevariya et al [31] published a work
reporting the preparation of inserts based on different mix-
tures of polyethylene oxide, hydroxypropyl cellulose and
cthyl cellulose. These systems contained levotloxacin and
“in vitro” studies showed that the drug release profile was
sustained for the maximum period of 24 h and that the
prepared inserts were suitable to be used as one-day inserts.
Khurana et al [32] reported the preparation and evaluation of
an ocular insert for the sustained delivery of gatitloxacin
sesquihydrate. The isert measured 5.5 mm and was com-
posed of sodium alginate, polyvinyl alcohol and glycerine,
crosslinked with calctum chloride. The results obtained by
the researchers showed that this system was able to deliver
the drug 1n a sustained way until a maximum period of 11
h. Other authors, like Jethava and co-workers [33] have
developed a device containing ketorolac tromethamine (a
nonsteroidal anti-inflammatory drug) designed for the treat-
ment of seasonal allergic conjunctivitis. This device was a
bioadhesive “in situ” gelling ocular msert and all the for-
mulations tested by these authors presented approximately
90-95% of drug release at the end of 12 h. These results
indicate that none of the prepared systems was suitable to
incorporate drugs for longer treatments like the ones
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required by chronic diseases and experimentally achieved
and demonstrated by the ocular msert embodying the inven-
tion. In 2016, de Souza and collaborators [34] developed
new 1inserts prepared from chitosan and containing brimoni-
dine tartrate. These systems showed to be biocompatible and
provided controlled release of the incorporated drug for a 30
days period. However, the authors were not able to extend
drug release to longer periods of time or to obtain different
release profiles by changing the insert architecture and/or
shape, unlike the ocular insert embodying the invention.

Brietly, 1t 1s clear that, despite the reported research 1n the
arca of development of ocular iserts, the drug release
profiles obtained so far are short and not suitable for chronic
diseases such as glaucoma. Many polymers have been
used—silicones, poly(acrylate), poly(methacrylate), poly
(vinyl acetate), celluloses, polyols, polypeptides, chitin,
ctc.—to 1mmobilize many drugs—anti-glaucoma, anti-in-
flammatory, antibiotic, anti-proliferative  inhibitors,
enzymes, hormones, etc. However, the prepared systems
lack versatility, and are not able to be adjusted to several
drugs as well as pathologies unlike the ocular insert
embodying the invention.

The knowledge of the properties of the involved materials

(polymers and drugs) i1s essential for the development of

new drug delivery systems. Despite the invested effort in the
development of new polymers, researchers still face many
obstacles, mncluding the immobilization of bioactive macro-
molecules such as proteins. However, the potential demon-
strated by polymers, whose properties can easily be shaped
according to the desired functions, indicates that these
materials will continue to play a key role 1n the development
of systems for controlled drug release.

There are still some gaps that the current ocular CDDS
cannot fulfil such as the simultaneous loading with two or
more drugs and their release during diflerent time periods, at
distinct rates and profiles. The ocular isert embodying the
invention intends to fill those gaps while improving the
patient compliance to the diflerent therapeutics by redueing
the foreign body sensation and facilitating its placement in
the eye.
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SUMMARY OF THE

INVENTION

The present invention concerns a biocompatible ocular
insert with polymeric composition, designed for “in vivo”
sustained drug release to be applied 1n the treatment of
different ocular pathologies.

The currently available technologies for ocular drug
delivery present several limitations which include at least
one of the listed below.

Short residence time of the drugs in the eye;

Fluctuations of the drug concentration (namely with eye
drops);

Low compliance of the patient to the therapeutics;

Short release periods (from 1 to 7 days);

Insert dislodgment;

High costs involved 1n the insert preparation;

“Fickian” drug delivery profile (with high release rates
registered during the first period of time followed by a
pronounced decrease of rate release);

The available systems comprise only one drug and are
therefore directed to a single pathology.

The present invention refers to a new controlled drug
delivery system (CDDS) with a polymer-based composition,
applicable to a variety of drugs and other compounds to be
applied 1n the treatment of different ocular pathologies. This
system allows releasing these drugs under suitable concen-
tration levels during suitable periods of time. The device
may be mserted in the lower or upper fornix conjunctiva, in

5

10

15

20

25

30

35

40

45

50

55

60

65

12

a non-invasive way, (FI1G. 1) meaning that the patient will be
able to place the device himself, without intervention of
medical specialized stafl. For this reason, the polymeric
material will have specific physicochemical properties and
the device size and shape were designed to avoid expulsion
or breaking as well as to minimize the foreign body sensa-
tion.

This mvention will release the drug 1n such controlled rate

that will allow the drug release for time periods of up to 6
months by either a “Fickian™ or a linear profile according to
the 1intend purpose/pathology.
The insert can be prepared with different shapes (spherical
or hemispherical) and/or architectures (monolithic/layered
either with or without a drug core), allowing the incorpo-
ration of at least one drug which can be released at diflerent
rates. The size, shape and design of the 1nsert 1s adjusted in
order to tune the drug(s) delivery profile(s) and to 1nhibait the
risk of displacement or expulsion.

BRIEF DESCRIPTION OF DRAWINGS

Further characteristics and advantages of the ocular insert
according to the present mvention will be more apparent
from the {following description of some embodiments
thereof, made as a non-limiting examples, with reference to
the appended drawings wherein:

FIG. 1 shows the schematic representation of the sagittal
cross-section ol the eye as well as the insert’s possible
application sites in the upper or lower fornix conjunctiva;

FIG. 2 shows diagrammatically the front (5), top (6) and
rotate views (7) ol different shapes of the ocular insert
device embodying the mvention;

FIG. 3 shows diagrammatic sectional views of the ocular
insert device embodying the mvention containing at least
one drug in a central core and/or dispersed 1n one or more
layers;

FIG. 4 shows different release profiles of various drugs
from the ocular insert embodying the invention during up to
200 days and the corresponding daily dosage To obtain
these profiles diflerent architecture, shapes, sizes and dif-
ferent chemical compositions of the device embodying the
invention were used.

Figure Captions:

1—Ocular 1nsert embodying the invention.

2—Upper eye lid.

3—Lower eye lid.

4—Conjunctiva.

5—Front view of different shapes of the ocular insert
embodying the mnvention.

6—Top view of different shapes of the ocular insert
embodying the mvention.

7—Rotate views of different shapes of the ocular insert
embodying the mvention.

8—Central core containing the drug or drugs incorporated
in the ocular mnsert embodying the invention.

9— Polymer-based layer involving the central core of the
ocular msert embodying the ivention.

10—Monolithic design of the ocular insert embodying the
invention where the drug or drugs are homogenously dis-
persed on a polymer-based matrix.

11—Polymer-based layer contaiming or not a dispersed
drug composing the ocular insert embodying the invention.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the schematic representation of the sagittal
cross-section of an eye. The ocular msert embodying the
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invention 1s also represented in both possible application
sites: upper or lower fornix conjunctiva. In either case, its

placement can be done by the patient himself as 1t 1s not an
invasive procedure.

FI1G. 2 shows the possible range of shapes that the ocular
insert embodying the invention has. From a complete spheri-
cal shape (A) to a hemisphere (C) the diameter, X, varies
from 2.0 mm up to 8.0 mm. The shape can be asymmetric
(B) with the larger radius, vy, varying from 0.5 mm up to 4.0
mm and the smaller radius, y', varying from 0.0 mm up to
4.0 mm. For each individual ocular insert the value of v
never exceeds the value of y and the value of y never exceed
half of x value and the value of X never exceeds 8.0 mm,
which can be expressed by the formulas y'sy; y=x/2 and
x=8.0 mm. Therefore the larger ocular insert embodying the
invention 1s a sphere of 8.0 mm diameter and the smallest 1s
a dome-shaped hemisphere of 2.0 diameter with a height of
0.5 mm.

FIG. 3 shows the possible designs, architectures and
constructs that the ocular insert embodying the invention can
be made of. Diagram D shows the ocular msert embodying,
the 1nvention with a central core (8) containing the drug or
drugs surrounded by a polymer-based layer (9). Diagram E
shows the ocular insert embodying the invention with a
monolithic design where the drug or drugs are homog-
enously dispersed on a polymer-based matrix (10). Diagram
F shows a combination of the previous diagrams, where the
ocular insert embodying the mvention has the drugs in a
central core (8) and dispersed in different layers (11).
Diagram G shows the ocular insert embodying the mnvention
where the drugs are dispersed 1n different layers. Each of the
layers shown in Diagrams F and G can be made of different
polymers or combination of polymers and can contain
different drugs and/or different concentrations of the same
drug. The number of polymeric layers and of immobilized
drugs, the amount of each drug and the immobilization
technique depends on the therapeutic application, 1.e., on the
intended drug(s) release profile(s).

FIG. 4 shows the release profiles of various drugs
obtained from ocular mserts embodying the mvention con-
structed with distinct architectural features and from differ-
ent compositions. Release profile from example 1 shows a
“Fickian™ release profile of a drug for a period of 7 days,
with the daily dose decreasing dramatically during the first
3 days. Release profile from example 2 has the same release
mechanism as example 1 but for a different drug and for a
slightly longer period of time. In example 6, with an ocular
insert embodying the invention that 1s larger than examples
1 and 2, the release 1s extended up to 110 days. Release
profile from example 3 shows a linear drug release for up to
21 days with an almost constant daily dosage drug delivery.
Longer but still constant releases can be obtained by chang-
ing the size of the insert and the amount of drug 1n the central
core, reaching almost 200 days as i example L. Other
examples are shown to demonstrate the versatility and
novelty of the invention in respect to the drug release
profiles that can be obtained 1n a taillor-made mode, chang-
ing the composition, shape and architecture of the ocular
insert embodying the invention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

The present invention concerns a polymer-based ocular
insert for drug delivery by non-invasive insertion into the
upper or lower fornix conjunctiva of the eye characterized in
that the ocular isert has a spherical or spherical dome
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shape, comprises at least one polymeric layer with or
without a drug core and allows the sustained release of at
least one drug up to 300 days of release time.

In a preferred embodiment of the invention, the polymeric
composition comprises a polyester, such as polycaprolac-
tone, poly(lactic acid), poly(glycolic acid) or their copoly-
mers and a polyol, such as polyethylene glycol, castor o1l or
poly(vinyl alcohol), the polyol content in the final mixture
varying from 0% to 50%.

In a more preferred embodiment, the polymeric compo-
sition comprises polycaprolactone (PCL) and polyethylene
glycol (PEG) or copolymers thereof, the molecular weight
of PCL varying from 500 up to 30,000 and the molecular
weight of PEG varying from 200 up to 40,000.

In an even more preferred embodiment, the polymeric
composition comprises a copolymer of PCL-PEG in which
the content of PEG vanes from 10% to 30%.

In another preferred embodiment, the polymeric compo-
sition further contains crosslinkers, such as acrylates or
cyanates, and plasticizers, such as adipates, phthalates, poly-
mers or solvents.

In another preferred embodiment, the mnsert comprises at
least one layer of a polymer-based matrix where at least one
drug 1s dispersed, a central core of at least one drug
surrounded by a polymeric layer, or combinations thereof.

In another preferred embodiment, at least one drug 1s
preferably completely released during a period of time that
could vary from 7 to 200 days with a linear or “Fickian”
diffusion rate. This means that the invention may either be
prepared as an insert that releases the entire drug after 7
days, or prepared as 1n 1nsert that releases entirely that same
drug or other after 200 days, or during periods of time
between 7 to 200 days.

In an even more preferred embodiment, the insert allows
the full release of at least two drugs, either at the same or
different rates.

In another preferred embodiment, the ocular msert has a
length from 2 mm to 8 mm and a width from 0.5 to 8 mm.

In a more preferred embodiment, the ocular isert 1s a
sphere of 8.0 mm diameter.

In another more preferred embodiment, the ocular insert
1s a dome-shaped hemisphere with a diameter of 2.0 mm and
a height of 0.5 mm.

In another preferred embodiment, the drug release mecha-
nism 1s diflusion, osmosis, bioerosion or combination of any
of the processes.

In another preferred embodiment, at least one drug 1s
chosen from antibiotics, such as tetracycline, chlortetracy-
cline, bacitracin, neomycin, polymyxin, gramicidin, cepha-
lexin, oxytetracycline, chloramphenicol, kanamycin, rifam-
picin, gentamycin, erythromycin, penicillin @ and
fluoroquinolones; antibacterials such as sulfonamides, sul-
fadiazine, sulfacetamide, sulfamethiazole and sulfisoxazole,
nitrofurazone and sodium propionate; antivirals including
idoxuridine, trifluorothymidine, acyclovir, ganciclovir and
interferon; anti-allergenics such as sodium cromoglycate,
antazoline, methapyriline, chlorpheniramine, cetirizine and
prophenpyridadine; anti-inflammatories such as hydrocorti-
sone, hydrocortisone acetate, dexamethasone, dexametha-
sone 21-phosphate, fluocinolone, medrysone, prednisolone
acetate, fluoromethalone, betamethasone, triamcinolone,
flurbiprofen and other non-steroidal anti-inflammatory
drugs; decongestants such as phenylephrine, naphazoline
and tetrahydrozoline; miotics and anticholinesterase such as
pilocarpine, acetylcholine chlonide, physostigmine, eserine,
carbachol, di-1sopropyl fluorophosphate, phospholine
iodine, and demecarium bromide; mydriatics such as atro-
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pine sulfate, cyclopentolate, homatropine, scopolamine,
tropicamide, eucatropine, and hydroxyamphetamine; sym-
pathomimetics such as epinephrine; immunological drugs
such as vaccines and immune stimulants; hormonal agents
such as estrogens, estradiol, progestational, progesterone,
insulin, calcitonin, parathyroid hormone and peptide, vaso-
pressin, hypothalamus releasing factor; beta adrenergic
blockers such as timolol maleate, levobunolol HC1 and
betaxolol HC1; growth factors such as epidermal growth
tactor and fibronectin; carbonic anhydrase inhibitors such as
dichlorphenamide, acetazolamide and methazolamide and
other drugs such as prostaglandins, antiprostaglandins, and
prostaglandin precursors or analogues and mixtures thereof.

The mvention also concerns a process ol manufacturing,
he ocular msert by customizing the desired releasing rate by
efining the drugs concentrations, the polymer composition,
he thickness of each layer and the thickness of the entire
evice.

In a preferred embodiment, the process of the mnvention
turther comprises the steps of

I) obtaining a central core of at least one drug surrounded
by a polymeric layer:

a—the drug 1s compressed either alone or with a small
amount of polymer or aggregator to form a mini tablet;

b—ecach layer 1s generated by covering the previous
(inner) layer of the insert being created with a mixture of
melted polymer and drug; this mixture 1s adjusted according,
to the required release profile; the layer thickness 1s defined
by the amount of the mixture and the radius of the insert
already formed;

c—the drug or drugs are mixed with the melted polymer
by stirring, controlling the cooling and the stirring of the
mixture until a homogenous solid or gel-like compound 1s
obtained; or

II) obtaining a monolithic polymer-based matrix where
the at least one drug i1s dispersed by molding or hot-melt
extrusion; or

III) combining steps I and II.

In the area of ophthalmology, the conventional method of
drops topical application involves repeated administrations
of the drugs solutions and the drugs concentration profiles
are characterized by extreme fluctuations with an excessive
concentration stage, followed by a brief period of correct
dose and ending 1n a long under dosing period. Moreover, 1t
1s necessary to take into consideration the drainage of the
lacrimal film and the small corneal permeability which
require the use of high doses of drug 1n order to secure the
intraocular therapeutic level. Since only 1 to 3% of the drug
penetrates the cornea and the remainder 1s absorbed by
systemic routes, high concentrations can bring toxicity asso-
ciated side eflects at a systemic level. To overcome these
obstacles, many polymers have been used both 1n ophthal-
mic preparations and in solid drug delivery systems.

Preparation of systems that release drug 1n a predictable
and reproducible at a specific location and for a long period
of time has much merit, since drug delivery 1s dependent on
many factors, including the concentration and physical and
chemical properties of the drug, the time of contact with the
biological system, and also on the mechanical, physical,
chemical, and biochemical features of the drug carrier.
Ideally a drug delivery system provides the drug only when
and where 1t 1s needed and within the appropriate concen-
tration for the desired therapeutic eflect. Therefore, 1t 1s
desirable to control the release of the pharmacological agent
to maintain the drug concentration above the minimal effec-
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tive concentration (MEC) and below the minimal toxic
concentration (MTC). This concentration interval 1s known
as the therapeutic range.

Ocular CDDS allow therapeutic agents to be available 1n
the eye for extended periods of time at the desired concen-
trations. Furthermore, the following advantages when com-
pared to conventional eye drop treatment should also be
considered:

Lower systemic toxicity, since lower amounts of drug are
used when comparing to the eye drops treatment and
also the fact that this form of treatment 1s targeted to the
eye where it stays for longer time;

Improved patient compliance, namely for treatment of
chronic diseases, such as glaucoma, as drug adminis-
tration frequency 1s significantly reduced;

Improved safety, as accurate dosing 1s achieved;

Better product stability as drugs are in dried state;

No need for preservatives that could generate inflamma-
tory reactions.

Despite these advantages, the ocular inserts currently

available present some limitations:

Low compliance of the patient to the therapeutics due to
the difliculty on the application of the dosage form;

Short release periods (from 1 to 7 days);

Insert dislodgment;

High costs involved 1n the insert preparation;

“Fickian” drug delivery profile (with high drug release
rates registered during the initial stage followed by a
pronounced decrease of rate release).

The available systems comprise only one drug and are
therefore directed to a single pathology.

The present mvention refers to a new polymer-based
controlled drug delivery system (CDDS) applicable to a
variety of drugs and other compounds to be applied 1n the
treatment of different ocular pathologies. The device
embodying the invention allows the release of multiple
drugs at controlled concentration levels during suitable
periods of time. This allows the simultaneous administration
of different drugs from 1 week to 6 months by either a
“Fickian” or a linear profile according to the intended
purposes/pathologies and by using just one device.

The device 1s placed by a non-invasive procedure and
may be inserted in the lower or upper fornix conjunctiva,
meaning that the patient will be able to place the insert by
himsell with no intervention of specialized medical stafl.
Theretfore, the polymeric material will have specific phys-
icochemical properties and the device size and shape are
designed to avoid displacement, expulsion or breaking and
to minimize the foreign body sensation. The range of
possible shapes of the insert 1s represented in FIG. 2 and may
vary Irom a spherical shape (A) to a hemisphere (C).
Considering the diameter, x, its value may vary from 2.0 mm
up to 8.0 mm. The shape can also be asymmetric (B) with
the larger radius, y, varying from 0.5 mm up to 4.0 mm and
the smaller radius, y', varying from 0.0 mm up to 4.0 mm.
For each individual ocular insert the value of y' never
exceeds the value of y and the value of y never exceeds half
ol x value and the value of x never exceeds 8.0 mm. These
features can be expressed by the formulas y'=y; y=x/2 and
x=8.0 mm. Therefore, the larger ocular 1nsert device
embodying the invention 1s a sphere of 8.0 mm diameter and
the smallest 1s a dome-shaped hemisphere of 2.0 diameter
with a height of 0.5 mm. The simultaneously and customized
release profiles of multiple drugs are obtamned by using
different shapes (spherical or hemispherical) and/or archi-
tectures (monolithic/layered either with or without a drug
core). The amounts of the drugs immobilized in the ocular
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isert device embodying the invention are set based on the
duration of the treatment and the recommended daily dose of

cach drug. Both the duration and the daily dose, are gathered
from the state of the art for each specific disease therapeu-
tics. Therefore, the quantity of each drug loaded into the
ocular isert embodying the invention varies from few
micrograms to several milligrams. The maximum drug load
capacity of the ocular insert embodying the invention
depends on the drug solubility in the melted polymer, the
s1ze ol the device and the intended release profile. Short term
releases requires less drug quantity than long-terms release
devices. Constant, linear releases are obtained when the drug
1s entrapped in a central core allowing a large quantity of
drug to be compressed nto a small tablet as shown 1n FIG.
3A. This architecture was used to obtain the release profiles
shown 1n FIGS. 4], 4K, 4L, 4N and 4Q).

On the other hand for a “Fickian™ release design (as the
ones presented 1n FIG. 4H, 41, 4K, 4M, 40, 4P and 4R), the
drug must be homogeneously dispersed mto a monolithic
device as shown 1n FIG. 3B. Here, the amount of dispersed
drug 1s limited by the drug solubility 1n the melted polymer
and by the ratio drug/polymer where the properties and
integrity of the device must not be compromised by the
presence and subsequent release of a large amount of drug.
More complex drug release profiles are obtained by produc-
ing multilayered systems with or without a central drug core
as represented in FIGS. 3C and 3D. Due to different designs
and architectures there are distinct manufacturing processes
to produce the ocular insert device embodying the mnvention:

to obtain a central core the drug must be compressed

cither alone or with a small amount of polymer or
aggregator to form a mim tablet;

cach layer 1s generated by covering the previous (inner)

layer of the device being created with a mixture of
melted polymer and drug. This mixture 1s adjusted
according to the required release profile where the
amount of drug and of polymer, the polymer compo-
sition and the proportion drug/polymer 1s specific for
cach layer. The layer thickness 1s defined by the amount
of the mixture and the radius of the device already
formed;

the drug or drugs are mixed with the melted polymer by

stirring. In those cases where the solubilization of the

drug 1s not possible (either due to the physical and

chemical properties or to the ratio drug/polymer) the
homogeneity of the suspension 1s obtained by control-
ling the cooling and the stirring of the mixture until a
homogenous solid or gel-like compound 1s obtained;

For the ocular insert embodying the mvention made of

one layer, 1.e., a monolithic system, the manufacturing
process 1s simpler and nvolves techmiques such as
molding or hot-melt extrusion;

The polymers used are preferably polycaprolactone
(PCL), polyethyleneglycol (PEG), co-polymers PEG-PCL
and mixture of any of the above-mentioned 1n any propor-
tion. The molecular weight of PCL may vary from 500 up to
30,000 and that of PEG from 200 up to 40,000.

For turther tune of the chemical, physical and mechanical
properties of the ocular mnsert embodying the invention
different crosslinkers such as acrylates, cyanates among
others and plasticizers such as adipates, phthalates, poly-
mers, solvents among others can be used.

EXAMPLE 1

A formulation of the ocular insert embodying the mven-
tion, Formulation 1, was prepared as follows: The copoly-
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mer used 1n this formulation was a low molecular weight
polycaprolactone/polyethelyneglycol 1 a ratio of 75/25
(PCL/PEG; mass/mass). The drug moxifloxacin was mixed
with the copolymer 1n a beaker under magnetic stirring at
70° C. for a few minutes. The drug percentage regarding the
total mixture weight was 2% (mass/mass).

The ocular inserts embodying the invention were then
prepared from that drug/polymer mixture with asymmetrical
shape as represented in scheme B of FIG. 2. The average
length of the large diameter was 5.8 mm while the small
diameter measured 2.7 mm. The average weight of the
ocular mserts of Formulation A was approximately 50 mg
with approximately 1 mg of drug dispersed in the polymeric
matrix.

Each msert of Formulation 1 was placed in phosphate-
buflered saline solution (PBS) at 37° C. until all the drug was
released to the aqueous media. The moxifloxacin dissolved
was quantified by an UV-Vis spectrophotometric method
and the results shown a “Fickian™ release where approxi-
mately 50% of the drug was released 1n the 1nitial 12 hours
and almost all of the entrapped drug was dissolved at day 3

of the dissolution study (FIG. 4H).

EXAMPLE 2

A formulation of the ocular insert embodying the inven-
tion, Formulation 2, 1s similar to Formulation 1 except that
the drug entrapped 1n the polymer matrix was flurbiprofen
instead of moxifloxacin.

The architecture, size and shape are the same applied on
formulation 1. Therefore the average weight of the ocular
inserts of Formulation 2 was also approximately 50 mg with
approximately 1 mg of drug dispersed in the polymeric
matrix. Each msert of Formulation 2 was placed 1n phos-
phate-bullered saline solution (PBS) at 37° C. until all the
drug was released to the aqueous media. The flurbiprofen
dissolved was quantified by an UV-Vis spectrophotometric
method and the results shown a “Fickian™ release where
approximately 50% of the drug was released in the initial 24

hours and almost all of the entrapped drug was dissolved at
day 5 of the dissolution study (FIG. 41).

EXAMPLE 3

A formulation of the ocular insert embodying the inven-

tion, Formulation 3, was prepared as follows: The copoly-
mer used in this formulation was a low molecular weight
polycaprolactone/polyethelyneglycol 1 a ratio of 75/25
(PCL/PEG; mass/mass). 100 mg of Moxitloxacin was
slightly compressed under 300 mbar for half a minute to
form a tablet from which small portions of 3 mg were
obtained. Each of these small tablets were then covered with
melted copolymer to form the final ocular insert devices
embodying the mvention.
These ocular inserts embodying the mnvention 1n Formu-
lation 3 were of an asymmetrical shape as represented 1n
scheme B of FIG. 2. The average length of the large diameter
was 5.8 mm while the small diameter measured 2.7 mm. The
average weight of the ocular inserts of Formulation 3 was 50
mg with approximately 3 mg of drug in a central core.

Each insert of Formulation 3 was placed in phosphate-
buflered saline solution (PBS) at 37° C. until all the drug was
released to the aqueous media. The moxifloxacin dissolved
was quantified by an UV-Vis spectrophotometric method
and the results shown a constant drug release for up 21 days,

when more than 90% of moxifloxacin was already dissolved
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(FIG. 41). This release rate corresponds to an ocular daily
dose that varies from 120 to 160 ug of drug, considering the
lacrimal film turnover.

EXAMPLE 4

A formulation of the ocular insert embodying the mmven-
tion, Formulation 4, was prepared combining the procedures
of Formulation 2 and 3, which allowed the entrapment of
two different drugs in two distinct ways—moxifloxacin 1n a
central core and flurbiprofen dispersed in the polymer
matrix.

These ocular 1nserts embodying the invention 1n Formu-
lation 4 were of an asymmetrical shape as represented 1n
scheme B of FIG. 2. The average length of the large diameter
was 5.8 mm while the small diameter measured 2.7 mm. The
average weight of the ocular inserts of Formulation 4 was 50
mg with approximately 3 mg moxitloxacin in a central core
and 1 mg of flurbiprofen dispersed in the polymeric matrix.

Each insert of Formulation 4 was placed in phosphate-
buflered saline solution (PBS) at 37° C. until both drugs
were totally released to the aqueous media. The amount of
both drugs dissolved was quantified by an UV-Vis spectro-
photometric method and the results shown a constant moxi-
floxacin release for up 21 days, when more than 90% was
already dissolved, and a “Fickian” flurbiprofen release
where approximately 50% of the drug was released in the

initial 24 hours and almost all of the entrapped tlurbiprofen
was dissolved at day 5 of the dissolution study (FIG. 4K).

EXAMPLE 5

A formulation of the ocular insert embodying the mven-
tion, Formulation 5, was prepared as follows: The copoly-
mer used 1n this formulation was a low molecular weight
polycaprolactone/polyethelyneglycol 1n a ratio of 80/20
(PCL/PEG; mass/mass). 100 mg of Moxifloxacin was
slightly compressed under 300 mbar for 30 sec to form a
tablet from which small portions of 4 mg were obtained.
Each of these small tablets were then covered with melted
copolymer to form the final ocular isert embodying the
invention.

These ocular 1nserts embodying the mvention 1 Formu-
lation 5 were of spherical shape as represented 1n scheme A
of FIG. 2 with an average diameter of approximately 7 mm.
The average weight of the ocular mserts of Formulation 5
was approximately 150 mg with approximately 4 mg of drug,
in a central core.

Each insert of Formulation 5 was placed in phosphate-
builered saline solution (PBS) at 37° C. until all the drug was
released to the aqueous media. The moxitloxacin dissolved
was quantified by an UV-Vis spectrophotometric method
and the results shown a constant drug release for up to 190
days, when more than 90% of moxifloxacin was already
dissolved (FIG. 4L). This release rate corresponds to an
ocular daily dose between 15 and 25 ng of drug, considering
the lacrimal film turnover.

EXAMPLE 6

A formulation of the ocular insert embodying the mnven-
tion, Formulation 6, was prepared as follows: The copoly-
mer used in this formulation was a low molecular weight
polycaprolactone/polyethelyneglycol in a ratio of 80/20
(PCL/PEG; mass/mass). Moxifloxacin was mixed with the
copolymer 1n a beaker under magnetic stirring at 70° C. for
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a few minutes. The drug percentage regarding the total
mixture weight was 1.3% (mass/mass).

Ocular mserts embodying the mvention were then pre-
pared from that drug/polymer mixture with of spherical
shape as represented 1n scheme A of FIG. 2 with an average
diameter of 6.4 mm. The average weight of the ocular inserts
of Formulation M was approximately 150 mg with approxi-
mately 2 mg of drug dispersed 1n the polymeric matrix.

Each insert of Formulation 6 was placed in phosphate-
buflered saline solution (PBS) at 37° C. until all the drug was
released to the aqueous media. The moxifloxacin dissolved
was quantified by an UV-Vis spectrophotometric method
and the results shown a “Fickian” release where approxi-
mately 50% of the drug was released in the mitial 15 days
and almost 90% of the entrapped drug was dissolved at day
60 of the dissolution study (FIG. 4M).

EXAMPLE 7

A formulation of the ocular insert embodying the mven-

tion, Formulation 7, was prepared as follows: The copoly-
mer used 1n this formulation was a low molecular weight
polycaprolactone/polyethelyneglycol in a ratio of 80/20
(PCL/PEG; mass/mass). 100 mg of Moxifloxacin was
slightly compressed under 300 mbar for half a minute to
form a tablet from which small portions of 2 mg were
obtained. Each of these small tablets were then covered with
melted copolymer to form the final ocular insert devices
embodying the mvention.
These ocular inserts embodying the invention in Formu-
lation 7 were of spherical shape as represented 1n scheme A
of FIG. 2 with an average diameter of 5.7 mm. The average
weilght of the ocular inserts of Formulation 7 was approxi-
mately 100 mg with approximately 2 mg of drug 1n a central
core.

Each msert of Formulation 7 was placed in phosphate-
buflered saline solution (PBS) at 37° C. until all the drug was
released to the aqueous media. The moxitloxacin dissolved
was quantified by an UV-Vis spectrophotometric method
and the results shown a constant drug release for up 130
days, when more than 90% of moxifloxacin was already
dissolved (FIG. 4N). This release rate corresponds to an
ocular daily dose of approximately 15 ug of drug, consid-

ering the lacrimal film turnover.

EXAMPLE 3

A formulation of the ocular insert embodying the mven-
tion, Formulation 8, was prepared as follows: The copoly-
mer used in this formulation was a low molecular weight
polycaprolactone/polyethelyneglycol 1 a ratio of 70/30
(PCL/PEG; mass/mass). This copolymer was then cross-
linked with 5% (m/m) of hexamethylene diisocyanate.
Moxitloxacin was mixed with the copolymer in a beaker
under magnetic stirring at 70° C. for a few minutes. The drug
percentage regarding the total mixture weight was 1%
(mass/mass).

Ocular 1nserts embodying the invention were then pre-
pared from that drug/polymer mixture with asymmetrical
shape as represented 1n scheme A of FIG. 2 with an average
diameter of 5.7 mm. The average weight of the ocular 1inserts
of Formulation 8 was approximately 100 mg with approxi-
mately 1 mg of drug dispersed in the polymeric matrix.

Each insert of Formulation 8 was placed in phosphate-
buflered saline solution (PBS) at 37° C. until all the drug was
released to the aqueous media. The moxifloxacin dissolved
was quantified by an UV-Vis spectrophotometric method
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and the results shown a “Fickian” release where approxi-
mately 50% of the drug was released in the 1nitial 3 days and

almost all of the entrapped drug was dissolved at day 21 of
the dissolution study (FIG. 40).

EXAMPLE 9

A Tormulation of the ocular insert embodying the inven-
tion, Formulation 9, was prepared as follows: The copoly-
mer was prepared in a ratio of 90/10 (PCL/PEG; mass/mass)
using a low molecular weight polycaprolactone and a high
molecular weight polyethelyneglycol (35,000 g/mol). This
copolymer was then crosslinked with 5% (m/m) of hexam-
cthylene diisocyanate. Moxifloxacin was mixed with the
copolymer 1n a beaker under magnetic stirring at 80° C. for
a few minutes. The drug percentage regarding the total
mixture weight was 1% (mass/mass).

The ocular 1nserts embodying the mmvention were then
prepared from that drug/polymer mixture with asymmetrical
shape as represented 1n scheme A of FIG. 2 with an average
diameter of 5.7 mm. The average weight of the ocular inserts
of Formulation 9 was approximately 100 mg with approxi-
mately 1 mg of drug dispersed 1n the polymeric matrix.

Each insert of Formulation 9 was placed in phosphate-
butlered saline solution (PBS) at 37° C. until all the drug was
released to the aqueous media. The moxifloxacin dissolved
was quantified by an UV-Vis spectrophotometric method
and the results shown a “Fickian” release where approxi-
mately 50% of the drug was released 1n the 1nitial 12 days

and almost all of the entrapped drug was dissolved at day 80
of the dissolution study (FIG. 4P).

EXAMPL.

(Ll

10

A formulation of the ocular insert embodying the mven-
tion, Formulation 10, was prepared as follows: The copo-
lymer used 1n this formulation was a low molecular weight
polycaprolactone/polyethelyneglycol 1mm a ratio of 80/20
(PCL/PEG; mass/mass). 100 mg of chloramphenicol was
slightly compressed under 300 mbar for half a minute to
form a tablet from which small portions of approximately 12
mg were obtained. Each of these small tablets were then
covered with melted copolymer to form the final ocular
insert devices embodying the invention.

These ocular 1nserts embodying the invention 1n Formu-
lation Q were of asymmetrical shape as represented 1n
scheme B of FIG. 2. The average length of the large diameter
was 8 mm while the small diameter measured 4 mm. The
average weight of the ocular inserts of Formulation 10 was
approximately 150 mg with approximately 12 mg of drug 1n
a central core.

Each msert of Formulation 10 was placed 1n phosphate-
builered saline solution (PBS) at 37° C. until all the drug was
released to the aqueous media. The chloramphenicol dis-
solved was quantified by an UV-Vis spectrophotometric
method and the results shown a constant drug release for up
7 days, when more than 90% of chloramphenicol was
already dissolved (FIG. 4Q)). This release rate corresponds to
an average ocular daily of approximately 1.7 mg of drug,
considering the lacrimal film turnover.

EXAMPL.

L1

11

In this example, 3 different formulations of the ocular
insert embodying the invention (11, 12 and 13) are compared
in terms ol chloramphenicol release. The copolymer was
prepared 1n a ratio of 80/20 (PCL/PEG; mass/mass) using a

10

15

20

25

30

35

40

45

50

55

60

65

22

low molecular weight polycaprolactone and polyethely-
neglycol with 3 distinct molecular weights—600 g/mol for
formulation 11, 6,000 g/mol for formulation 12 and 35,000
g/mol for formulation 13. Chloramphenicol was mixed with
the copolymer 1n a beaker under magnetic stirring at 70° C.
for a few minutes. The drug percentage regarding the total
mixture weight was 14% (mass/mass).

Ocular mserts embodying the mvention were then pre-
pared from that drug/polymer mixture with asymmetrical
shape as represented in scheme B of FIG. 2. The average
length of the large diameter was 5.8 mm while the small
diameter measured 2.7 mm. The average weight of the
ocular 1nserts of Formulation K was approximately 50 mg
with approximately 7 mg of drug dispersed in the polymeric
matrix.

Each insert of Formulation I was placed in phosphate-
buflered saline solution (PBS) at 37° C. until all the drug was
released to the aqueous media. The chloramphenicol dis-
solved was quantified by an UV-Vis spectrophotometric
method and the results shown a “Fickian™ release for all
inserts. The release rate was dependent on the molecular
weilght of the PEG used 1n the composition—approximately
50% of the drug was released before the imitial 12 hours
from the insert with PEG 35000 whereas the insert with PEG
600 only released 50% of the drug after 36 hours (FIG. 4R).

These examples clearly illustrate the versatility and nov-
clty of the invention concerning the drug release profiles that
may be achieved and adapted, by changing the composition,
shape and architecture of the ocular 1nsert embodying the
invention.

For manufacturers such as pharmaceutical companies,
shifting from eye drops to CDDS has economic benefits,
such as the product life-cycle extension, and represents a
marketing opportumty based on product differentiation and
innovative technology. Moreover, the amount of drug (the
most expensive raw material for any dosage form) 1s
reduced when compared to eye drops, with direct impact on
the production costs.

Industrial batches of this invention can de produced by
well-established manufacturing processes such as tableting
by compression, including the multi-layer technology, hot-
melt extrusion which improves the homogeneity of the drug
distribution in the polymeric matrix and molding. Addition-
ally 3D printing can also be applied for an even more
detailed customization of the ocular mnsert embodying the
invention.

The mvention claimed 1s:

1. An ocular 1nsert configured for noninvasive insertion
into the upper or lower fornix conjunctiva of the eye,

the ocular insert configured to be maintained stably 1n the

upper or lower formx conjunctiva of the eye for a
sustained period of time and configured to deliver drugs
from beneath the insert, the isert comprising:
a drug delivery component which in turn comprises at
least one polymeric layer surrounding a drug core, and

the ocular msert having a hemispherical shape and con-
figured to be inserted 1n a friction fit 1n the upper or
lower fornix conjunctiva of the eye,

the drug core and the polymer layer surrounding 1t each

have the respective shape of the ocular insert,

the drug core comprises at least a first drug and the at least

one polymeric layer comprises at least a second drug,
wherein the complete release of the at least first and
second drugs occur by different rates, wherein such
rates are linear or Fickian and allows a sustained
release of the at least one first drug and at least one
second drug for up to 300 days of release time,
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wherein the drug core 1s formed as a mini tablet, through
the compression of the first drug either alone or with a
small amount of polymer or aggregator, thereby pro-
viding a first delivery rate of the at least one first drug,
such first delivery rate being linear or Fickian, and

the at least one polymer layer 1s formed by covering the
drug core with a mixture of melted polymer and the at
least one second drug, such mixture being adjusted, as
well as the amount of drug and of polymer, the polymer
composition and the proportion drug/polymer, such
that a second delivery rate of the at least one second
drug 1s provided for each of the at least one polymer
layer, such second delivery rate being linear 11 the first
delivery rate 1s Fickian or Fickian 1t the first delivery
rate 1s linear.

2. The ocular msert according to claim 1, wherein the at
least one polymeric layer comprises a polyester, the poly-
ester comprising one or more ol polycaprolactone, poly
(lactic acid), poly(glycolic acid) or their copolymers, and a
polyol, the polyol comprising one or more of polyethylene
glycol, castor o1l or poly(vinyl alcohol), the polyol content
in the final mixture of from 0% to 50%.

3. The ocular 1nsert according to claim 2 characterized in
that the polymeric composition comprises polycaprolactone
(PCL) and polyethylene glycol (PEG) or copolymers
thereol, the molecular weight of PCL between 3500 and
30,000 g/mol and the molecular weight of PEG between 200
and 40,000 g/mol.

4. The ocular 1nsert according to claim 3 characterized in

that the polymeric composition comprises a copolymer of
PCL-PEG 1n which the content of PEG between 10% and

30%.

5. The ocular insert according to claim 1 wherein the at
least one polymeric layer further contains crosslinkers, the
crosslinkers comprising one or more of acrylates or
cyanates, and plasticizers, the plasticizers comprising one or
more of adipates, phthalates, polymers or solvents.

6. The ocular insert according to claim 1, wherein the at
least one first or second drug 1s released during 7 to 200 days
at a linear or “Fickian™ diflusion rate.

7. The ocular nsert according to claim 1, wherein the
insert has a symmetrical hemispherical shape with a radius
between 2 and 8 mm.

8. The ocular msert according to claim 1, wherein the
insert 15 a dome-shaped hemisphere with a diameter of 2.0
mm and a height of 0.5 mm.

9. The ocular 1nsert according to claim 1, wherein the drug
release mechanism 1s diffusion, osmosis, bioerosion or any
combination thereof.

10. The ocular msert according to claim 1, wherein the at
least one drug i1s chosen from antibiotics, tetracycline,
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chlortetracycline, bacitracin, neomycin, polymyxin, grami-
cidin, cephalexin, oxytetracycline, chloramphenicol

kanamycin, rifampicin, gentamycin, erythromycin, penicil-
lin, fluoroquinolone, antibacterials, sulfonamides, sulfadiaz-
ine, sulfacetamide, sultamethiazole, sulfisoxazole, nitrofura-
zone, sodium  propionate, antivirals, 1doxuridine,
trifluorothymidine, acyclovir, ganciclovir, interferon, anti-
allergenics, sodium cromoglycate, antazoline, methapy-
rilene, chlorpheniramine, cetirizine, prophenpyridadine,
anti-inflammatories, hydrocortisone, hydrocortisone acetate,
dexamethasone, dexamethasone 21-phosphate, fluoci-
nolone, medrysone, prednisolone acetate, fluoromethalone,
betamethasone, triamcinolone, flurbiprofen, non-steroidal
anti-inflammatory drugs, decongestants, phenylephrine,
naphazoline, tetrahydrozoline, miotics, anticholinesterase
drugs, pilocarpine, acetylcholine chloride, physostigmine,
eserine, carbachol, di-i1sopropyl fluorophosphate, phospho-
line 10dine, demecarium bromide, mydriatics, atropine sul-
fate, cyclopentolate, homatropine, scopolamine, tropic-
amide, eucatropine, hydroxyamphetamine,
sympathomimetics, epinephrine, immunological drugs, vac-
cines, immune stimulants, hormonal agents, estrogens,
estradiol, progestational, progesterone, nsulin, calcitonin,
parathyroid hormone, peptide, vasopressin, hypothalamus
releasing factor, beta adrenergic blockers, timolol maleate,
levobunolol HC1, betaxolol HC1, growth factors, epidermal
growth factor, fibronectin, carbonic anhydrase inhibitors,
dichlorphenamide, acetazolamide, methazolamide, prosta-
glandins, anti-prostaglandins, or mixtures thereof.
11. A process of making the ocular insert of claim 1
comprising;
I) producing a central core of at least one drug surrounded
by a polymeric layer comprising:
a—compressing the at least one drug either alone or with
an amount of polymer or aggregator to form a mini
tablet; and
b—generating each layer by covering the previous layer
of the mnsert with an amount of a mixture of melted
polymer and drug; wherein the thickness of each layer
1s defined by the amount of the mixture and the radius
of the ocular 1nsert formed after the generation of each
layer;
wherein the mixture 1n b) 1s produced by mixing the at
least one drug with the melted polymer by stirring until
a homogenous solid or gel-like compound 1s obtained;
or
II) producing a monolithic polymer-based matrix wherein
the at least one drug 1s dispersed in the matrix by
molding or hot-melt extrusion; or
III) combining steps I and II.
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